INTRODUCTION
The need f o r q u a n t i t a t i v e assessment of t h e r e l i a b i l i t y o f f l a w d e t e c t i o n techniques a r i s e s from t h e a p p l i c a t i o n of f r a c t u r e mechanics p r i n c i p l e s t o t h e design o f c r i t i c a l p a r t s . The f r a c t u r e mechanics concept assumes flaws a r e present i n a l l m a t e r i a l s and q u a n t i t a t i v e l y descrlbes t h e l r e f f e c t on s t r u ct u r a l i n t e g r i t y . Thus, a c r i t i c a l crack s i z e t h a t would r e s u l t i n unstable crack growth can be defined f o r any combination of m a t e r i a l and l o a d i n g condit i o n s ( r e f . 1 ) . For simple components such as pressure vessels, f r a c t u r e c o n t r o l can be achieved by proof t e s t i n g t o a pressure which exceeds t h e o p e r a t i n g s t r e s s . I f t h e vessel does n o t f r a c t u r e , the absence o f c r l t i c a l f l a w s i s assured. For complex structures however, proof t e s t i n g l o g i c may n o t be a p p l i c a b l e because i n many cases It i s n o t p o s s i b l e t o d u p l i c a t e p r e c i s e l y t h e n a t u r e o f operating stresses. Therefore, s t r u c t u r a l i n t e g r i t y o f complex components must be e s t a b l i s h e d by a d i f f e r e n t approach, t h e most p r a c t i c a l o f which may be nondestructive evaluation (NDE). screen out p a r t s c o n t a i n i n g flaws equal t o o r g r e a t e r than t h e c r i t i c a l crack s i z e b e f o r e they are p u t i n t o service ( r e f . 2 ) .
I n some a p p l i c a t i o n s i t may
The r o l e o f NDE would be t o be necessary t o ensure t h a t flaws s i g n i f i c a n t l y smaller than c r i t i c a l s i z e a r e absent if s u b c r i t i c a l crack growth due t o such t h i n g s as stress-corrosion o r f a t i g u e i s t o be avoided.
The use o f f r a c t u r e mechanics concepts i n ceramic component design places a premium on t h e a b i l i t y o f nondestructive i n s p e c t i o n t o d e t e c t small d e f e c t s
( r e f s . 3 and 4 ) , and on t h e need t o determine t h e p r a c t i c a l r e l i a b i l i t y o f an NDE procedure when t h a t procedure i s considered f o r d e t e c t i o n of flaws of a s p e c i f i c type and s i z e ( r e f . 5 ) . signer i s t o r e l y on NDE t o assure t h a t components a r e f r e e o f flaws t h a t exceed a specified s i z e i n t h e m a t e r i a l chosen f o r a p a r t i c u l a r s e r v i c e environment. If the design i s such t h a t t h e c r i t i c a l crack s i z e i s g r e a t e r than the smallest flaw t h a t can be r e l i a b l y detected ( o r t h e l a r g e s t f l a w t h a t w i l l be missed a s i g n i f i c a n t p r o p o r t i o n of t h e time) then t h e I n s p e c t i o n process can be used. The d i f f e r e n c e between t h e smallest d e t e c t a b l e f l a w and t h e c r i t i c a l crack s i z e can be regarded as a measure o f t h e margin o f safety.
Such i n f o r m a t i o n i s e s s e n t i a l If t h e de-
The r e l i a b i l i t y o f various conventional nondestructive techniques f o r d e t e c t i o n o f cracks i n m e t a l l i c a i r c r a f t engine components was reported i n reference 6. f o r flaws i n heat engine ceramics i s presented i n references 7 t o 10. This paper examines some o f t h e f a c t o r s t h a t i n f l u e n c e t h e d e t e c t a b i l i t y o f minute flaws i n ceramics, and focuses a t t e n t i o n on requirements f o r assuring adequate d e t e c t i o n s e n s i t i v i t y and r e l i a b i l i t y w i t h radiographic and acoustic microscropy techniques. The paper a l s o discusses t h e a p p l i c a b i l i t y o f thermoacoustic techniques f o r ceramic a p p l i c a t i o n s and a program f o r c h a r a c t e r i z i n g ceramic microstructures through u l t r a s o n i c measurements.
The only p r e v i o u s l y reported work on NDE d e t e c t i o n r e l i a b i l i t y RELIABILITY OF FLAW DETECTION Spec i men P r epar a t i on Figure 1 shows a f l o w c h a r t which describes t h e p r e p a r a t i o n o f specimens c o n t a i n i n g seeded voids. The S I C s t a r t i n g powder contained s i n t e r i n g aids and binder m a t e r i a l (boron and carbonaceous r e s i n s ) . The Si3N4 s t a r t i n g powder contained 6 percent Y2O3 and 6 percent Si02 t o promote d e n s i f i c a t i o n d u r i n g s i n t e r i n g . For surface voids, a l l o f t h e powder necessary t o make up the specimen thickness was poured i n t o t h e d i e and t h e microspheres were pressed i n t o the top surface. For i n t e r n a l voids t h e amount of powder p u t i n the d i e before and a f t e r placement o f t h e microspheres was c o n t r o l l e d t o achieve t h e desired v o i d depth i n t h e f i n i s h e d specimen. The d i e pressed bars were vacuum sealed i n l a t e x t u b i n g and c o l d lsopressed t o approximately 60 percent o f f u l l d e n s i t y . vaporize the p l a s t i c microspheres. The as-sintered d e n s i t y of s i l i c o n carbide ranged f r o m 94 t o 97 percent o f f u l l t h e o r e t i c a l d e n s i t y w h i l e f o r s i l i c o n n i t r i d e i t was more than 98 percent o f t h e o r e t i c a l . ured nominally 28 mm long, 7 mm wide, and 2 t o 4 mm t h i c k , as r e q u i r e d f o r NDE r e l i a b i l i t y determinations. A f t e r NDE, i n t e r n a l voids were exposed by diamond g r i n d i n g and measured by o p t i c a l and e l e c t r o n microscopy. l i s t e d i n t a b l e I . The dimensions o f voids i n green compacts were assumed t o be e q u i v a l e n t t o t h e seeded spheres. f a b r i c a t i o n and void c h a r a c t e r i z a t i o n i s given i n reference 10.
A f t e r removing t h e l a t e x t h e compacts were heated i n vacuum t o Microfocus x-ray. -The x-ray s y s t e m ( f i g . 2) was operated i n t h e 30 t o 60 kV range w i t h a molybdenum anode which produced photon energy l e v e l s between 17 and 20 keV. reduced f i l m c o n t r a s t which i s undesirable. m a g n i f i c a t i o n o f 2.5 were made by t h e p r o j e c t i o n method and examined w i t h t h e a i d o f a 7X o p t i c a l m a g n i f i e r .
Higher photon energy l e v e l s were found t o r e s u l t i n Radiographic f i l m images a t a -SLAM. -The SLAM technique i s i l l u s t r a t e d I n f l g u r e 3 . 100 HHz u l t r asonic waves t r a n s m i t t e d through t h e specimen a r e modulated by m a t e r i a l surface and i n t e r n a l c h a r a c t e r i s t i c s . reaching the r e f l e c t i v e f i l m on t h e cover s l i p a r e detected by a l a s e r beam r a s t e r scanned over an area approximately 2 rm square. The beam i s r e f l e c t e d i n t o a photodetector and converted t o an e l e c t r o n i c s i g n a l . Thus, an image o f t h e acoustlc p e r t u r b a t i o n s caused by features such as cracks, voids, d e n s i t y v a r i a t i o n s , etc., a r e displayed i n r e a l t i m e on a video monitor a t a m a g n i f ic a t i o n o f n e a r l y 1OOX.
The r e l a t i v e i n t e n s i t y and phase o f t h e waves -SAM. -The SAM technique uses a s i n g l e transducer t o generate and r e c e i v e u l t r a s o n i c energy ( f i g . 4 ) . focussing moderately h i g h frequency u l t r a s o n i c energy ( 3 0 t o 100 MHz) on a small spot, r a s t e r scanning t h e lens w i t h respect t o t h e sample, and time-gate sampling the r e f l e c t e d u l t r a s o n i c pulse amplitude. Any f e a t u r e s t h a t produce an acoustic impedance mismatch w i t h i n t h e sample o r a change i n a c o u s t i c impedance a t t h e specimen surface can cause d e t e c t i b l e v a r i a t i o n s i n t h e d i g i t i z e d and stored s p a t i a l map of r e f l e c t e d s i g n a l amplitude. I f a f l a w i s l a r g e r than t h e f o c a l spot, some degree of f l a w s i z i n g can be achieved. Flaws smaller than t h e f o c a l spot can be detected b u t i f two o r more a r e l o c a t e d a wavelength o r l e s s a p a r t they cannot be resolved. 
Good s e n s i t i v i t y and r e s o l u t i o n a r e achleved by S t a t i s t i c a l Analysis Due t o u n c e r t a i n t i e s associated w i t h equipment, operator, f l a w characteri s t i c s , etc., the d e t e c t i o n o f flaws i n engineering m a t e r i a l s and components i s p r o b a b i l i s t i c i n nature and must be evaluated using a s t a t i s t i c a l approach. Since an attempt a t d e t e c t i o n o f a given f l a w can have o n l y two p o s s i b l e outcomes ( i t I s e i t h e r detected o r missed) t h e p r o b a b i l i t y o f detect i o n (POD) can be described by t h e binomial d i s t r i

A F o r t r a n computer program t h a t c a l c u l a t e s P r o b a b i l i t y o f Detection Results
NDE r e l i a b i l i t y data f o r t h e microfocus x-ray technique 1 s presented i n f i g u r e s 5 and 6 i n t h e f o r m of p l o t s o f p r o b a b i l i t y o f d e t e c t i o n versus v o i d
s i z e expressed as percent of t o t a l specimen thickness. As shown i n t a b l e I, t h e i n t e r n a l void diameters ranged from 50 t o 5 2 8 pm i n t h e green specimens and 20 t o 477 pm i n the f u l l y d e n s i f i e d bars.
~l l of the POD curves a r e characterized by a sharp drop i n p r o b a b i l i t y o f d e t e c t i o n i n a region below approximately 2 . 5 percent thickness s e n s i t i v i t y . f i g u r e 5(a) shows t h a t t h e d e t e c t i o n s e n s i t i v i t y o f i n t e r n a l voids i n green s i l i c o n n i t r i d e i s n e a r l y t h e same as i n green s i l i c o n carbide, approximately 2.5 percent a t a POD o f 90 percent. The curves i n f i g u r e s 5(b) and ( c ) a r e more revealing, showing t h a t surface voids a r e more e a s i l y detected than i n t e r n a l voids f o r both m a t e r i a l s . Analysis o f a l i m i t e d number o f i n t e r n a l voids i n green compacts revealed they were p a r t i a l l y f i l l e d w i t h loose powder, which has t h e e f f e c t o f reducing c o n t r a s t on t h e x-ray f i l m . This could account f o r the lower apparent s e n s i t i v i t y . I n n a t u r a l l y o c c u r r i n g voids t h i s may be l e s s o f a problem because they a r e n o t u s u a l l y produced by v a p o r i z i n g a supporting m a t e r i a l such as t h e seeded spheres used i n t h i s i n v e s t i g a t i o n . For green materials, t h e r e f o r e , t h e POD data presented here f o r surface voids would probably apply t o n a t u r a l l y o c c u r r i n g i n t e r n a l voids regardless o f t h e f a b r i c a t i o n technique used t o make t h e specimens o r p a r t s .
For sintered m a t e r i a l s , t h e data i n f i g u r e 6 show many i n t e r e s t i n g feat u r e s . For example f i g u r e 6(a) i n d i c a t e s unusually good s e n s i t i v i t y t o i n t e rn a l voids i n s i l i c o n n i t r i d e . However, chemical a n a l y s i s o f v o i d w a l l s , reported i n reference 10, proved t h a t d e t e c t i o n o f some i n t e r n a l voids i n s i l i c o n n i t r i d e was i n f l u e n c e d by a d e p o s i t o f y t t r i u m , a s t r o n g absorber o f
x-rays. radiograph, r e s u l t i n g i n enhanced d e t e c t a b i l i t y . This c o n d i t i o n could occur i n any s i n t e r e d m a t e r i a l t h a t u t i l i z e s s i n t e r i n g a i d s composed o f heavy e l ements. The enhanced d e t e c t a b i l i t y phenomenon was n o t observed w i t h voids seeded i n s i l i c o n carbide ( f i g . 6 ( b ) ) , which d i d n o t c o n t a i n s i m i l a r s i n t e r i n g aids.
Thus, some o f t h e voids appeared t o have a h i g h d e n s i t y s h e l l on t h e
NDE r e l i a b i l i t y data f o r SLAM i s presented i n f i g u r e s 7 and 8. Figure 7 which contains data f o r surface connected voids only, shows t h e e f f e c t o f surface c o n d i t i o n and specimen thickness on d e t e c t a b i l i t y o f flaws. From t h e POD curves f o r a s -f i r e d specimens, i t i s evident t h a t 0.90 p r o b a b i l i t y o f d e t e c t i o n a t 0.95 confidence l e v e l was n o t a t t a i n e d f o r any thickness up t o 4 mm. However, when t h e same specimens were l i g h t l y p o l i s h e d t o a surface f i n i s h o f nominally 2 pm, t h e POD was s i g n i f i c a n t l y improved. POD o f 0.90 was achieved for a l l specimen thicknesses. Thus, i t appears t h a t a s -f i r e d surfaces cause a background n o i s e l e v e l higher than can be t o l e r a t e d f o r nondestructive d e t e c t i o n of minute defects by SLAM. The measured surface f i n i s h o f a s -f l r e d samples was 8 pm (peak-to-valley) b u t i t should be noted t h a t topography was t h e o n l y surface c h a r a c t e r i s t i c t h a t was measured. p o s s i b l e t h a t other f a c t o r s such as f i n e near-surface p o r o s i t y , a c t i n g as u l t r a s o n i c wave s c a t t e r e r s , could have c o n t r i b u t e d t o t h e g e n e r a l l y low POD f o r as-f i red samples . Figure 8 shows a p l o t which summarizes SLAM POD data obtained f o r i n t e rn a l voids i n specimens w i t h diamond-ground surfaces ( r e f . 9). The boundaries of the bar graphs i n d i c a t e the minimum v o i d sizes and maximum depths ( f r o m t h e laser-scanned surface) a t which 0.90/0.95 POD/confidence-level was achieved. As expected, t h e r e i s a s i g n i f i c a n t e f f e c t of v o i d s i z e and depth. However, t h e p l o t a l s o shows t h a t 0 . 9 0 1 0 . 9 5 i s obtained
I t i s
a t g r e a t e r depths and smaller v o i d s i z e s i n s i l i c o n n i t r i d e than i n s i l i c o n carbide. This i s probably due t o d i f f e r e n c e s i n m i c r o s t r u c t u r e between t h e two m a t e r i a l s . s i l i c o n carbide was an order of magnltude g r e a t e r than I n s i l l c o n n i t r i d e . The b u l k p o r o s i t y i n S i l l c o n carbide was a l s o higher than i n s i l l c o n n i t r i d e . Both of these c o n d i t i o n s would have the e f f e c t o f i n c r e a s i n g u l t r a s o n i c s c a t t e r and reducing t h e POD o f voids I n s i l i c o n carbide r e l a t i v e t o s i l i c o n n i t r i d e . The g r a i n s i z e i n Also shown i n f i g u r e 8 i s a s i n g l e data p o i n t representing p r e l i m i n a r y r e s u l t s obtained w i t h t h e SAM technique. Voids a t o n l y a s i n g l e diameter (nominally 20 pm) s i t u a t e d 1 mn f r o m t h e scanned surface were a v a i l a b l e a t t h e time o f the SAM evaluation. A l l o f 38 voids were detected i n s i l i c o n n i t r i d e samples, y i e l d i n g a POD b e t t e r than 0.9010.95 f o r t h i s very small v o i d s i z e a t a depth o f about 50 times the diameter. The method needs t o be e v a luated f o r a greater range of depths, m a t e r i a l s , and m i c r o s t r u c t u r e s b u t promi s e s t o be an extremely useful technique f o r scanning c r i t i c a l areas o f heat engine components.
THERMOACOUSTIC TECHNIQUES Thermoacoustic techniques can be a p p l i e d t o ceramics i n e i t h e r a noncont a c t i n g mode s i m i l a r t o x-ray methods, o r a c o n t a c t i n g mode as i n u l t r a s o n i c s .
The technique e s s e n t i a l l y measures r e l a t i v e differences i n surface and nearsurface thermal p r o p e r t i e s of t h e m a t e r i a l being evaluated. The absorption o f i n t e n s i t y modulated electromagnetic r a d i a t i o n focused a t any p o i n t on t h e sample glves r i s e t o l o c a l i z e d c y c l i c h e a t i n g and c o o l i n g which i n t u r n generates e l a s t i c waves a t t h e modulation frequency. The amplitude and phase o f these waves can be measured a t another p o i n t on t h e specimen surface by a p i e z o e l e c t r i c c r y s t a l i n contact w i t h the specimen, or i n t h e surrounding medium by a noncontacting method using a s e n s i t i v e microphone o r a l a s e r . overview o f t h e t h e o r e t i c a l and experimental aspects o f the thermoacoustic techniques i s presented i n reference 12.
An ___. SEAM. -A schematic diagram of t h e scanning e l e c t r o n acoustic microscopy technique (SEAM), which u t i l l t e s a scanning e l e c t r o n beam h e a t i n g source and a c o n t a c t p i e z o -e l e c t r i c acoustic sensor housed i n a scanning e l e c t r o n microscrope enclosure, i s shown i n f i g u r e 9. The thermal d i f f u s i v i t y o f t h e volume o f m a t e r i a l c o n t a i n i n g t h e f l a w d i f f e r s from t h a t of t h e m a t r i x m a t e r i a l .
Thus, t h e e l a s t i c waves produced as t h e I n t e n s i t y modulated e l e c t r o n beam passes over the f l a w d i f f e r I n amplitude and/or phase from t h e surrounding m a t e r i a l . Modulation frequencies can range from 100 Hz t o 10 kHz, the lower frequencies achieving g r e a t e r penetration. raster-scanned area can be produced, an example of which i s shown i n f i g u r e 10. The SEM 
backscatter image shows a p o r t l o n o f a crack t h a t o r i g i n a t e s a t t h e edge o f a s i l i c o n carbide modulus o f r u p t u r e bar, as w e l l as dust p a r t ic l e s on t h e specimen surface. The SEAM image c l e a r l y shows t h e subsurface extension o f the crack as w e l l as t h e p o r t i o n seen on t h e SEM image. however, t h a t t h e surface dust d i d not r e g i s t e r on t h e SEAM Image.
A thermoacoustic image o f a Note,
Preliminary i n v e s t i g a t i o n of t h e SEAM technique i n t h e l a b o r a t o r y using s i l i c o n carbide and s i l i c o n n i t r i d e samples c o n t a i n i n g defects a r t i f i c i a l l y induced a t predetermined l o c a t i o n s r e s u l t e d i n t h e f o l l o w i n g observations:
(I) surface features such as p i t s and nodules were detected and imaged; ( 2 ) cracks produced n a t u r a l l y by processing, and t i g h t cracks produced by knoop i n d e n t a t i o n s were imaged; ( 3 ) seeded subsurface voids up t o 100 pm below t h e i n t e r r o g a t i n g surface were imaged, w h i l e voids a t a depth o f 300 pm were missed. que. Calculations show t h a t r e s o l u t i o n l e s s than 10 pm appears t o be a t t a i n a b l e . 256 l i n e image of an area 4 
by 5 mm. Although t h e SEAM technique has good s e n s i t i v i t y and r e s o l u t i o n c a p a b i l i t y , t h e need t o perform t h e scan i n a vacuum i s a disadvantage. I n a d d i t i o n , since s t r u c t u r a l ceramics a r e r e l at i v e l y poor e l e c t r i c a l conductors, a c o a t i n g i s necessary t o a t t a i n t h e s t a t e d s e n s i t i v i t y and r e s o l u t i o n . Therefore, t h e SEAM technique i s best s u i t e d f o r l a b o r a t o r y m a t e r i a l e v a l u a t i o n and does n o t appear promising f o r p r a c t i c a l I n s p e c t i o n o f heat engine components. R e l i a b i l i t y of d e t e c t i o n data were n o t obtained f o r t h e SEAM t e c h n i -
The scan r a t e was q u i t e f a s t , w i t h a scan time o f 125 sec f o r a -PAM. -A block diagram o f a photoacoustic microscopy (PAM) system i s shown i n f i g u r e 11. The sample t o be evaluated i s placed i n s i d e an i s o l a t i o n c e l l c o n t a i n i n g a s e n s i t i v e microphone and a minimal volume o f gas, u s u a l l y a i r . The sample i s i l l u m i n a t e d through a c l e a r window by a chopped l a s e r beam focused onto the sample surface.
L i g h t absorbed by t h e sample i s converted i n p a r t i n t o heat, r e s u l t i n g i n p e r i o d i c heat f l o w from t h e sample t o t h e surrounding gas. i n g and c o o l i n g o f t h e specimen and t h e gas i n t h e immediate v i c i n i t y o f t h e specimen a r e transmitted by t h e b u l k gas medium t o t h e microphone. tude and phase o f t h e acoustic s i g n a l i s d i r e c t l y r e l a t e d t o t h e thermal p r o p e r t i e s o f t h e sample and t h e surrounding medium, t h e chopping frequency, and t h e c e l l design. The acoustic frequency coincides w i t h t h e chopping frequency. The depth o f m a t e r i a l t h a t can be evaluated depends on t h e wavel e n g t h o f t h e i n c i d e n t l i g h t , the absorption c o e f f i c i e n t o f t h e sample, and t h e thermal d i f f u s i o n length. Generally, t h e depth o f m a t e r i a l t h a t can be evaluated i s o f t h e order o f one o r two thermal d i f f u s i o n lengths. Thus, l i k e t h e SEAM technique PAM i s l i m i t e d t o specimen surface and near-surface evaluation.
The r e s u l t a n t pressure f l u c t u a t i o n s produced by a c y c l i c heat-
The magni-
Extensive i n v e s t i g a t i o n o f t h e PAM technique r e s u l t e d i n t h e t h e f o l l o wi n g observations obtained w i t h s i n t e r e d s i l i c o n n i t r i d e samples:
(1) surface connected pores and i n c l u s i o n s 25 pm and l a r g e r were detected; ( 2 ) subsurface voids and i n c l u s i o n s 35 pm and l a r g e r were detected up t o 70 pm below t h e i n t e r r o g a t i n g surface, b u t voids 200 pm diameter and 200 pm deep were missed; ( 3 ) background noise l e v e l was high, i n d i c a t i n g extreme s e n s i t i v i t y t o m a t e r i a l v a r i a t i o n s other than d i s c r e t e flaws; ( 4 ) t h e method was time consuming, r e q u i r i n g over 4 h r t o scan an area 1 cm on a s i d e w i t h a r e s o l u t i o n o f 25 pm.
When applied t o s i l i c o n n i t r i d e samples i n t h e green s t a t e t h e technique was s e n s i t i v e t o surface imperfections and t e x t u r e v a r i a t i o n s b u t d i d n o t d e t e c t near surface anomalies, i n c l u d i n g s i d e d r i l l e d holes up t o 250 pm
diameter. Background noise l e v e l produced w i t h t h e green samples was very high, making detection of even r e l a t i v e l y l a r g e flaws d i f f i c u l t . O p t i c a l examination of the region scanned by t h e l a s e r revealed an a l t e r e d surface apparently caused by emission of m a t e r i a l from t h e specimen surface. Some o f t h e emitted m a t e r i a l coated t h e c e l l window, c u t t i n g down on transmission o f l i g h t . surface cracks i n the l a s e r scanned regions t h a t d i d n o t occur i n t h e unscanned zones. t h e PAM technique does n o t appear t o be an a t t r a c t i v e a l t e r n a t i v e f o r examina t i o n of green ceramics, I n s p i t e of t h e f a c t t h a t i t can be used i n t h e noncontacting mode. Subsequent s i n t e r i n g o f these samples produced a l a r g e number o f Because of t h e apparent damage done t o t h e specimen surface
ULTRASONIC MICROSTRUCTURAL CHARACTERIZATION
i c c h a r a c t e r i z a t i o n t h e specimens w i l l be f r a c t u r e d I n f o u r -p o i n t bending. C o r r e l a t i o n s between microstructure, b u l k density, surface condit l o n , and s t r e n g t h w i l l then be determined.
CONCLUDING REMARKS
R e l i a b i l i t y o f void d e t e c t i o n I n ceramics by microfocus radiography was a f f e c t e d by various m a t e r i a l and process r e l a t e d parameters. I t was observed t h a t photon energy l e v e l s l e s s than 20 keV produced b e t t e r radiographic cont r a s t and hence b e t t e r v o i d d e t e c t a b i l l t y than higher energy l e v e l s . Migrat i o n of y t t r i u m t o t h e r e g i o n surrounding v o i d w a l l s enhanced t h e d e t e c t a b i li t y o f voids i n many, b u t n o t a l l sintered s i l i c o n n i t r i d e specimens. The s e n s i t i v i t y o f x-rays t o voids i n green s i l i c o n carbide and s i l i c o n n i t r i d e compacts was reduced by the presence o f loose powder i n s i d e t h e c a v i t y .
R e l i a b i l i t y o f void d e t e c t i o n by scanning l a s e r acoustic microscopy was
The l a r g e r g r a i n s i z e and higher a f f e c t e d by a d i f f e r e n t s e t o f parameters. r e l a t i v e p o r o s i t y i n s i n t e r e d s i l i c o n carbide r e s u l t e d i n s i g n i f i c a n t l y reduced d e t e c t i o n c a p a b i l i t y than was observed f o r s i l i c o n n i t r i d e . d e t e c t i o n i n both m a t e r i a l s was g r e a t l y improved when t h e a s -s i n t e r e d surface was removed by surface g r i n d i n g o r p o l i s h i n g . Scanning acoustic microscopy u t i l i z i n g u l t r a s o n i c frequencies between 30 and 100 MHz promises t o be u s e f u l f o r scanning c r i t i c a l areas on ceramic heat engine components. P r e l i m i n a r y data i n d i c a t e t h a t voids 20 pm diameter and 1 mm deep can be r e l i a b l y detected. These voids were s i g n i f i c a n t l y smaller and deeper than t h e smallest voids detected w i t h equal r e l l a b i l i t y by SLAM and radiographic methods.
Void
Thermoacoustic imaging techniques were i n v e s t i g a t e d t o determine a p p l lScanning e l e c t r o n a c o u s t i c microscopy c a b i l i t y t o simple ceramic t e s t bars. proved t o be u s e f u l f o r d e t e c t i n g t i g h t surface cracks and p i t s and near surface voids less than 100 pm i n diameter and 100 pm deep w i t h good r e s o l u t i o n . However, t h e need t o conduct t h e examination i n a SEM enclosure and t o c o a t the specimen w i t h a c o n d u c t i v e m a t e r i a l l i m i t s t h e SEAM method t o t h e l a b o r a t o r y . The photoacoustic microscopy method was evaluated on both green and sintered specimens. p i t s down t o 25 pm and near-surface voids down t o 35 pm diameter. AS w i t h t h e SEAM technique, d e t e c t i o n was l i m i t e d t o w i t h i n 100 pm o f t h e surface. The PAM method was n o t u s e f u l f o r green ceramic compacts because l a s e r scanning apparently caused s u r f a c e c r a c k i n g t o occur when t h e specimens were subsequently sintered. I n e i t h e r case ( s i n t e r e d o r green m a t e r i a l s ) t h e method i s t i m e consuming, which makes i t u n a t t r a c t i v e f o r scanning l a r g e areas 
10
Number of Dimensions a f t e r s i n t e r i n g spheres . 
